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Residues from cereal crops are the main resource for 
feeding ruminants in arid and semi-arid regions of the world. 
Increasingly, plant breeders target multiple traits in cereal crop 
breeding, for example food traits in the grain and fodder traits in 
the residues, when developing new cultivars. In the process, 
large numbers of germplasm need to be evaluated for their 
stover/straw quality traits. Conventional wet chemistry/in vitro 
techniques generally used to assess stover quality traits are 
laborious, time- consuming and require chemicals. Near infrared 
spectroscopy (NIRS) appears to be a promising technology in 
crop improvement programmes for quick screening of large 
samples in a short time for quality traits. Chemical constituents 
(proximate and cell wall constituents) were accurately predicted 
by NIRS. The present work explored the use of NIRS for the 
prediction of rate and extent of gas production and time of peak 
microbial production in vitro which are important stover quality 
traits in food andfeed crop research.   
 
Materials and methods  
 
A total of 1458 sorghum, 868 pearl millet, 690 maize 
stovers and 446 rice straws from crop improvement 
programmes of ICRISAT and ILRI were investigated for in vitro 
gas production kinetics and time of peak microbial production. 
Crop residues were incubated in nutrient buffer and rumen 
inoculum collected from fistulated animals using a modified 
manual syringe system (Blummel and Orskov, 1993). 
Accumulating gas volumes were measured after 3, 6, 9, 12, 24, 
30, 48, 72 and 96 h incubation. Gas volumes were fitted to a 
sigmoidal Gompertz model [Y = AS * exp(-exp
[(2.718MR/AS)*(lag-t)]
 + 
1)]. The sigmoidal model assumes one pool of asymptotic gas 
production (AS) and reflects a maximum rate of gas production 
(MR).  Time of peak microbial production was estimated as the 
time of half maximum gas production (t½). A sigmoidal model of 
prediction of AS and t½ , plotting gas volumes against hours of 
incubation, is depicted in Figure 1.  
The NIR instrument used was a FOSS Forage Analyzer 5000 
with the WinISI II software package. After scanning ground 
samples (1 mm mesh size) for their NIR spectra, calibration-
validation procedures were developed in that half of a given set 
of samples was used for developing a calibration model with the 
reference chemical data generated by laboratory analysis. NIR 
calibration equations were validated by predicting laboratory 
analysis of the second half of actually measured values (blind 
predictions). Agreement between NIR predicted and actually 
measured laboratory values was assessed by the coefficient of 
determination (R
2
) and standard error of validation. Outlier 
samples were re-analysed. 
 
Results and discussion 
 
The in vitro gas production kinetics, AS, MR and t½ values of 
sorghum, pearl millet and maize stovers and rice straw were 
reasonably-well predicted by the NIR with R
2
 values ranging 
from 0.62-0.85, 0.61-0.80 and 0.72-0.87, respectively (Table 1). 
The calibration equations were robust (R
2
=0.80) for all the 
parameters with the exception of t½ in case of millet stover and 
AS for rice straw. For these variables, the standard error of 
calibration (SEC) and prediction (SEP) was than 2.6-3.9 per cent 
and the ratio performance deviation for calibration (RPDc) value 
ranged from 2.14 to 4.43 but in most of the crop residue gas 
production parameters, it was more than 2.5.  
Andres et al. (2005) were also successful in using NIR 
technology to predict the in vitro gas production kinetics of 
forages (with the exception of LAG) with RPD values ranging 
from 1.49 to 3.35 and SEC and SEP values of less than 5.1 and 7 
per cent. Williams and Sobering (1993) suggested that RPDc 
should be higher than 2.5 in any equation to have an acceptable 
predictability for calibration model transfer in inherently 
compatible instruments. The results of the study revealed that 
NIR will be of great interest since it provides the information on 
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ruminal fermentation kinetics in a simple, rapid and economical 
way and, most importantly, obviates the necessity of using 
cannulated animals as donors of rumen fluid.  Information 
obtained on fermentation kinetics through NIR can be 
incorporated into integrated compartmental models in order to 
predict the events in the rumen (Lopez et al., 2000) and also 




Estimation of in vitro gas production kinetics to assess the 
quality of stovers in crop improvement programmes is quite 
laborious, costly and time-consuming. Results presented in this 
work suggest that NIR can be successfully used for the 
prediction of gas production kinetics which are important in 
quality assessment of stovers with considerable time and 
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Tables and figures 
 
Table 1. Goodness of NIRS calibration equations for gas production variables 




(n = 729) 
 
AS 7.25 1.99 0.92 3.65 
MR 0.27 0.08 0.90 3.37 
t1/2 3.75 1.02 0.92 3.69 
Pearl Millet 
(n = 434) 
 
AS 6.17 2.61 0.80 2.37 
MR 0.28 0.09 0.88 2.94 
t1/2 3.25 1.52 0.77 2.14 
Maize 
(n = 345) 
 
AS 6.62 1.63 0.93 4.06 
MR 0.25 0.10 0.81 2.63 
t1/2 3.24 0.73 0.94 4.43 
Rice 
(n = 223) 
 
AS 4.29 1.89 0.78 2.27 
MR 0.26 0.10 0.80 2.48 
t1/2 3.44 1.14 0.88 3.01 
 
AS, total potential gas production; MR, maximum rate of gas production;  t1/2, time of microbial peak production; SD, standard deviation; 
SEC, standard error of calibration; R
2
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